Introduction
Culling and mortality are important factors that determine the success of a livestock farm. Losses for the reasons of mortality and culling were found to be at the rate of 36.6% and 14.5%, respectively (Malher et al. 2001) . The causes of goat morbidity and mortality are usually related to the management system (Dossa et al. 2007 ). Therefore, herd health program is extremely important to improve the management.
Applying herd health program can significantly reduce mortality. A study showed that users of herd health program owned larger herds of ruminants compared to part-users and non-users (Kagira and Kanyari 2010) . For non-users farms, the mean monthly mortality is 2.8%, twice as high compared to user farms at 1.3%. Users of herd health program tend to apply some livestock husbandry and management measures more often than either of the other groups (Huttner et al. 2001 ). This paper identifies major health problems in a goat breeding farm in Malaysia via record analysis and describes the impact of herd health program that included control of mannheimiosis, hemonchosis, colibacillosis, coccidiosis, and improvement of feeding regime on goat mortality and performance.
Materials and methods
This study was conducted in a Boer goat breeder farm established in 2005 following importation of 597 heads of Boer goats from Australia. At the start of the study in August 2007, there were approximately 1,200 goats of various ages with approximately 800 heads of breeder females and 50 breeder males. The goats were kept in nine houses; each house was able to keep between 100 and 300 goats. The houses were cleaned daily. Drinking water was available ad libitum. Goats were fed with cut grass at the rate of 2 kg/goat in the morning before they were allowed to graze between 11A.M. and 3P.M. Upon returning from grazing, goats were fed supplemented feed at the rate between 300 and 500 g/goat/day. Appropriate samples were collected from each of the dead goat during the study period and processed in a laboratory to identify the causative agent, whenever possible. The diagnoses were noted in a record book. To identify the health problems, farm records between January 2006 and July 2007 prior to the implementation of herd health program were examined and analyzed. Special attentions were focused on the mortality pattern, causes of deaths, body weight gain, and body score to identify important health problems in the farm.
Once the health problems were identified, control measures to overcome the problems were formulated in the form of herd health program. This included feeding regime, control of pneumonic mannheimiosis, control of helminthiasis, and control of diarrhea ( Table 1) One of the major causes of high mortality and poor body condition of the goats in this farm was the poor nutrition due to improper feeding regime. Prior to the implementation of the feeding regime, feed for the farm consisted of cut Napier grass that was chopped into small sizes of 5-6-cm length and given at the rate of 2 kg/goat/day and supplementation feed consisted of palm oil mill effluent (POME) at the rate of 300 g/animal/day. The feed proximate analyses were carried out and overall feed requirement for the farm was then calculated (McGregor 2006) before a feeding regime of 2 kg cut grass/animal/day supplemented with 300-500 g commercially prepared supplemented feed/animal/day was suggested. The animals were also allowed to graze daily for a period of 5 h between 11A.M. and 3P.M. The suggested feeding regime was implemented in September 2007. The impact of the new feeding regime was monitored via the body weight gains and body scoring (range between 1 and 5) between October 2007 and December 2008.
Another major cause of mortality in this farm was pneumonic mannheimiosis. Since there was no history of vaccination against this disease, a vaccination program against pneumonic mannheimiosis was started in September 2007. The program involved all goats of more than 3 months old, using an intranasal killed vaccine developed locally. Vaccination program involved intranasal delivery of the vaccine at 6-month interval prior to the rainy seasons, which were in March and September each year. The vaccination has been found to be effective in controlling mannheimiosis without risk (Sabri et al. 2000) . The success of vaccination program was monitored via the analysis on mortality diagnosed as pneumonic mannheimiosis between October 2007 and December 2008.
Other than pneumonia, hemonchosis was identified as another major cause of mortality in this farm, particularly among the adults. Therefore, a herd health program aimed at controlling internal parasitic problem was implemented in September 2007. The program involved random collection of fecal samples at 2-monthly intervals to be subjected to McMaster technique to determine the worm burden. The fecal egg count of >1,000 eggs/g was considered infected (Mandonnet et al. 2005 ) and all goats of >3 months old in the affected group were treated with anthelmintic. Ivermectin 8 drench (Suffolk, UK), given at the rate of 200 μg/kg body weight, and Albendazole 10% (Cipla Ltd, India), given at the rate of 0.5 ml/kg body weight, were used in rotation to control the worm burden (Guimaraes et al. 2011 ). Chronic malnutrition -Modified feeding regime >90% breeders with score >3 -Allow daily grazing and exercise -Fulfill nutritional requirement Diarrhea was found to affect mostly young kids. It was due to either coccidiosis or colibacillosis. To control this problem, random fecal samples were collected from kids <6 months old at 2-monthly intervals and subjected to bacterial isolation. When many kids showed diarrhea and pathogenic bacteria, usually Escherichia coli were isolated, Hexasol LA (Norbrook, UK) containing 300 mg oxytetracycline dehydrate and 20 mg flunixin/ml was given at the dose rate of 1 ml/kg body weight. Occasionally, Pen&Strep (Norbrook, UK) containing 200 mg procaine penicillin and 200 mg dihydrostreptomycin sulfate/100 ml was used.
At the same time, the fecal samples were also subjected to microscopic examinations to determine the presence of coccidial protozoa. Carrier does are the main source of infection to kids (Bakunzi et al. 2010 ) that lead to high mortality at weaning (Jalila et al. 1998) . Therefore, infection rate of >3+ was considered serious and Cocci-Sul-Q (Glendale Animal Health) containing 46 g sulfaquinoxaline sodium and 13 g pyrimethamine hydrochloride was administered orally at the rate of 2 ml/10 kg body weight.
The costs of modified feeding regime and veterinary attention, particularly the drugs and vaccines before and after the implementation of the herd health program, were analyzed and compared. The body weight gain, rate of mortality, and costs of veterinary services before and after the implementation of the herd health program were noted, compared, and subjected to statistical analysis. Student t test was used to determine the significance at 95% confidence.
Results
Analysis of the record between January 2006 and July 2007, prior to the implementation of the herd health program in September 2007, revealed that most goats (80%) were in poor bodily condition with body score of <3. The proximate analysis of the grass is presented in Table 2 . The mortality rate was high mainly due to pneumonic mannheimiosis (36%), helminthiasis (30%), and diarrhea due to either coccidiosis or colibacillosis (25%). Most kid mortalities were due to either coccidiosis or colibacillosis while mannheimiosis and hemonchosis affected mostly adults. Based on the nutritional requirement of goats, it was found that the farm required approximately 3 t of cut grass a day, but the pasture plot was able to provide approximately 2 t a day. Therefore, the remaining nutritional requirement was supplied via supplemented feed at the average rate of 300-500 g/goat/day. The goats were also allowed to graze between 11A.M. and 3P.M. to increase nutritional requirement and to fulfill natural browsing behavior of goats. The overall impact of implementation of herd health program was observed in the improvement of overall goat mortality. Figure 2 reveals the annual rate of mortality among adults and kids during the study period. Mortality rate among the adults in 2006 was 58.2%, which was 
Discussion
Herd health program had been demonstrated to improve livestock efficiency (Ott et al. 1995) . They also revealed the importance of improving livestock production efficiency in the face of international competition and how consumers gain from improved animal health. In this study, mortality among adults was extremely high in 2006 at 58%. This was due to two major factors. The first factor was the severe stress following handling, loading and unloading for transportation, and adaptation of the goats first arrived into Malaysia from Australia (Minka et al. 2009 ). These led to high mortality. The second factor was the inexperience of the farm in handling newly arrived goats. This led to the poor feeding regime and the absence of basic disease control protocol. Therefore, combination of several important diseases of goats contributed to the high mortality (Ocaido et al. 2009 ). Since Boer goats have been shown to be able to adapt easily (Erasmus 2000) , by 2007, the surviving goats had started to adapt to the Malaysian environment, feed, and management. Therefore, the rate of mortality of adult goats had significantly (p<0.05) reduced to 10.4%. During the same period, the goats started to reproduce, but the rate of mortality among kids in 2007 was significantly (p<0.05) high mostly due to malnutrition (Rumosa et al. 2010 . Following the implementation of herd health program and the new feeding regime in September 2007, significant improvement in mortality was observed among adults and kids throughout 2008. Similar observation was reported by Huttner et al. (2001) who reported improved mortality in farms implementing herd health program.
The improved mortality of adults in this study was the result of significant reduction in the incidences of mannheimiosis and hemonchosis while those of the kids showed significantly reduced incidences of colibacillosis and coccidiosis (Bath et al. 2005 ). Furthermore, the reduced incidence of hemonchosis and coccidiosis was most likely being the result of improved nutrition, implemented in this study as part of the herd health program. Cryptosporidiosis, which has been reported in calves in Malaysia (Muhid et al. 2011) , was not identified in this study.
One of the foremost areas of concern in goat research and farming is the refining of nutritional requirements and nutrient utilization, inclusive of components such as impacts of grazing conditions and prior nutritional plane (Sahlu and Goetsch 2005) . Following implementation of the new feeding regime in September 2007 that fulfilled the nutritional requirement of goats in the tropics, significant improvements in the body weight gain by both adult and kids throughout 2008 were noted. This eventually led to the significant reduction in the percentage of adults with poor body scoring and mortality, particularly among kids in 2008 (Delgado-Pertíñez et al. 2009 ). The higher percentage of adults with body scoring >3 provides better chances for them to reproduce (Rivas-Munoz et al. 2010) .
Implementation of herd health program and introduction of new feeding regime had significantly increased the cost of feed and medicine. However, the overall effect of implementation of herd health program had been shown to result in net saving to the farm (Legesse et al. 2010) . 
